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impacts will require an
increased awareness of links
between environmental health
and a broader approach to
strategies to improve public
health." The eighth report
seeks to provide such increased
awareness and offer ideas on
new strategies to meet the pub-
lic health challenges faced by
both developed and developing
nations.
Part I ofthe report presents
an overview ofthe current state
of the world's health, and dis-
cusses the diverse factors that
influence environmental health,
such as urban development,
population, natural resources,
and poverty. The report
describes indicators recently
developed by the WRI for mea-
suring the presence of environ-
mental health threats. Separate
indicators were devised for
developing and developed
countries, based on the idea
that people in developing
nations are generally exposed to
a broader spectrum ofharmful
agents via air, water, and food
than are those in developed
nations, who, the report daims,
are primarily affected by the
narrower band ofhealth threats
attributable to industrial pollu-
tion. These indicators are still
only rough, preliminary gauges for ranking
nations in terms of exposures to environ-
mental health threats, but they may suggest
areas where policy changes could turn the
tide toward improving both environmental
qualityandhuman health.
The report also evaluates three trends-
the intensification ofagriculture, the rise in
industrialization, and the increase in energy
use-that have demonstrated a particularly
harsh effect on the global environment, and
examines the risks and complications
involved in each trend. The report points
out that predicting the health effects stem-
ming from such trends isn't a simple mat-
ter. For instance, says the report, while irri-
gated land is far more productive than rain-
watered fields, the canals and reservoirs
necessary for the success ofthis method also
provide hospitable breeding grounds that
result in increased populations of the vec-
tors ofsuch diseases as malaria, schistoso-
miasis, and onchocerciasis.
The report diagrams the costs and ben-
efits ofseveral options for protecting both
environmental quality and human health.
On a local level, for instance, subsidization
Notjust hard to breathe. New evidence suggests thatthe lungs aren'tthe only organ
affected by particulate matter; exposure could lead to cardiac problems for some
people.
of home improvements for low-income
families in order to free their homes ofthe
reduviid bug that spreads Chagas' disease
may provide a cost-effective alternative to
applying pesticides. On a global level, the
immediate threat of some environment-
related diseases such as onchocerciasis and
lymphatic filariasis is being reduced, thanks
to programs through which pharmaceutical
companies provide free drugs for treating
these illnesses.
Part I also includes a collection of
guest commentaries written by professors,
scientists, and policy makers on topics
such as environmental justice, breast can-
cer and the environment, and environ-
mental health challenges of the 21st cen-
tury. The section ends with environmen-
tal profiles ofthe Senegal River Basin and
China, which illustrate the issues explored
earlier in the chapter.
The latter two portions of the report
provide short reports on emerging issues in
world environmental health, including two
new sections introduced in Part II. Global
Environmental Trends contains updates on
several subtopics grouped under the broad
areas of population and
general human well-being,
world food supplies, pro-
duction and consumption
patterns, global effects of
environmental degrada-
tion, and threats to the
world's physical and bio-
logical resources. The sec-
tion covers extensive
ground, with reports on
such issues as fertility rates,
the boom in aquaculture,
acid rain, energy emis-
sions, and worldwide
aquatic and terrestrial
bioinvasions. Future edi-
tions ofthe report will use
this section to report on
the dominant issues ofthe
day. The other new sec-
tion, Regions at a Glance,
spotlights the foremost
trends in environmental
health, grouped by world
geographic regions. Part
III, Data Tables, provides
thelatest dataand statistics
from 157 countries on
economic indicators, pop-
ulation, health trends, for-
est and ocean health, and
energy, as well as new
information on poverty,
socioeconomic inequality,
and food security.
A PMatter ofthe Heart
An emerging body of evidence suggests
that exposure to fine airborne particulate
matter (PM)-ubiquitous air pollutants
typically produced bycombustion offossil
fuels-could lead to cardiac problems in
some segments ofthe population, particu-
larly the elderly and those with underlying
conditions such as coronary and respirato-
ry disease. These findings have surprised
some researchers, who traditionally associ-
ated particulate toxicity only with respira-
tory effects. Fine particulates have been of
particular concern because their small size
enables them to penetrate deep into the
tissues ofthe lung, where they can cause a
variety of health problems. If validated,
the recent findings could further support
the EPA's 1997 decision to set its
National Ambient Air Quality Standards
for particles less than 2.5 microns in
diameter (PM25), a move for which the
agency has been sharply criticized by the
regulated community.
According to Daniel Greenbaum, presi-
dent of the Health Effects Institute (HEI),
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in Cambridge, Massachusetts, epidemiolo-
gists first suspected that PM might be
linked to heart problems when they saw
elevations in mortality shortly after tran-
sient increases in ambient PM. "If PM is
causing these short-term increases in
deaths, there has to be a mechanism by
which these sudden deaths are triggered,"
says Greenbaum, "and it was not at all
illogical to think of cardiac effects as one
possible explanation." Initial results ofstud-
ies suggesting an association between PM
exposure and cardiac effects were presented
at the HEI's 14th annual conference, held
in April ofthis year.
Hospitals often record the cause of
death in elderly or otherwise sick individu-
als according to their underlying conditions
rather than to a specific trigger such as car-
diac arrhythmia. For this reason, it can be
difficult for epidemiologists to correlate
increases in morbidity due to cardiac prob-
lems occurring during periods of elevated
ambient PM. A number of researchers are
therefore focusing their efforts on unravel-
ing this possible association using experi-
mental animals. In order to mimic the
effect seen among susceptible humans,
many of these studies employ the use of
"compromised" animal models, whereby
coronary or respiratory disease is artificially
induced prior to exposure.
John Godleski, an associate professor of
pathology at the Harvard University School
of Public Health, has found that exposure
to PM at levels similar to those found in
downtown Boston can increase heart rates
in cardiovascularly compromised dogs.
Interestingly, Godleski has found that ele-
vated heart rates don't appear to correlate
with increasing PM concentrations, leading
him to speculate that some unknown com-
ponents of the particulate load may be
responsible for effects on heart function.
"Total mass does not appear to be a good
predictor ofeffect," he says. "It seems to be
dependent upon what's in the air, which
changes from day to day. Any number of
factors could contribute to the composition
of the aerosol. We need to do a lot more
experiments to find relationships during
similar kinds ofdays."
Research conducted in the EPA's
National Health and Environmental Effects
Research Laboratory (NHEERL) in
Research Triangle Park, North Carolina,
has also yielded evidence of cardiac toxicity
in animals exposed via intratracheal meth-
ods that deposit the PM directly into lung
tissue. "In our studies, mortality was signifi-
cant and preceded by malfunctioning ofthe
heart," says Daniel Costa, chief of the pul-
monary toxicology branch at the NHEERL.
"We followed electrical events associated
with heart malfunction right to the death of
the animal."
A number ofmechanisms bywhich PM
could lead to cardiac effects are currently
being explored. Godleski suggests that the
effect could be part of a generalized inflam-
matory response, noting that inflammatory
mediators such as tumor necrosis factor,
interleukin-8, and other cytokines are able
to induce arrhythmia in cultured heart
cells. According to Greenbaum, other
mechanisms may involve toxic effects of
transitional metals, as well as the effects of
acidic aerosols and allergic reactions to
organic chemicals in the PM.
In a major study recently undertaken by
the EPA, researchers are investigating car-
diopulmonary responses to PM among a
group of elderly residents in a retirement
community in Towson, Maryland. The
study is being undertaken by the NHEERL
and the National Exposure Research
Laboratory, also headquartered in Research
Triangle Park. John Creason, a biostatisti-
cian with the epidemiology and biomarkers
branch of the Human Studies Division at
the NHEERL and a principle investigator
of the study, says his research team will
closely monitor heart rate variability (con-
sidered an excellent measure of the health
of the heart) as a function of ambient PM
exposure. During a pilot study conducted
in February 1997, NHEERL researchers
found that PM exposure depressed heart
rate variability in elderly subjects with
underlying cardiopulmonary disease.
The EPA is taking the threat ofcardiac
effects from PM exposure seriously.
According to John Bachmann, associate
director for science policy at the EPA
Office of Air Quality, Planning, and
Standards, over $8 million was appropriat-
ed to the EPA by Congress in Fiscal Year
1998 to set up a series of centers for the
study of the health effects of particulate
exposures. "This area of cardiovascular
effects is one ofthe hot topics, certainly one
of major interest," he says. The results of
the current research programs will be pub-
lished and reviewed by the public and by
the Clean Air Scientific Advisory
Committee prior to the reassessment ofthe
ambient air standard for PM2.5 that is
scheduled for 2002.
"As a regulator, I find this to be an
exciting time," says Bachmann. "This is
[epidemiology]-inspired toxicology, and
toxicology-inspired epidemiology. We
expect the new toxicology work and the
new insights with respect to mechanism to
be very important during our review ofthe
standard."
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